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Description 



[COLD CATHODE FLUORESCENT FLAT 

LAMP] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no.93104041, filed on Feb. 19, 2004. 
Background of Invention 

[0002] Field of the Invention 

[0003] jhe present invention generally relates to a cold cathode 
fluorescent flat lamp (CCFFL). More particularly, the 
present invention relates to a cold cathode fluorescent flat 
lamp havinghigh brightness uniformity. 

[0004] Description of Related Art 

[0005] | n recently years, portable electronic devices such as mo- 
bile phone, digital camera, digital video camera, notebook 
or desktop computer or personal computer have been de- 
veloped drastically with the development of semiconduc- 
tor processes and the display components. It is noted 



that, for all the electronic devices described above, the 
display device is essential and important for data input/ 
output between the user and the device. Recently, a vari- 
ety of display devices is constructed by the liquid crystal 
display (LCD) panel. Since the LCD panel is not self- 
illuminant, a backlight module is required, which is typi- 
cally disposed under the LCD panel as a light source. 
[0006] The conventional backlight module generally includes a 

lamp tube, a reflection holderand a light guide plate (LGP). 
The light guide plate can transfer the line light source 
emitted by the lamp tube into surface light source. Gener- 
ally, since the lamp tube is mounted on the edge of the 
light guide plate, the uniformity of the surface light 
source emitted by the light guide plate is worse. There- 
fore, a plurality of optical films, such as, diffuse filmsor 
brightness enhancement filmsis disposed above the light 
exit plane of the light guide plate. Therefore, the cost of 
the backlight module is expensive as the light guide plate 
and optical film are expensive. Moreover, the lamp tube, 
the reflectorholder and the light guide plate are individual 
components and must be mounted by a glue trim. There- 
fore, the construction of the conventional backlight mod- 
ule is complexand high-cost. 



[0007] | n recent years, the cold cathode fluorescent flat lamp 

(CCFFL)having high luminous efficiency and uniformity is- 
developed and provided as a surface light source, espe- 
cially for a large surface area. In addition, the cold cath- 
ode fluorescent flat lamp (CCFFL) has been broadly ap- 
plied as the backlight of the liquid crystal display panel 
and in many other applications. 

[0008] The cold cathode fluorescent flat lamp (CCFFL) is a plasma 
light emitting component, and the principle of light emit- 
ting thereof is not exactly known, however, it is most 
likely as described below. First, electrons are emitted by 
the cathode, and thereby the inert gas in the cavity is im- 
pacted by the emitted electrons between the cathode and 
the anode. As a result, the inert gas is ionized into plasma 
and is subjected to an excited state. Next, when the 
atomic gas of the plasma returns to the ground state from 
the excited state, certain amount of energy is lost in the 
plasma in the form of ultraviolet light. The emitted ultra- 
violet light will excite the fluorescence material disposed 
on the cavity wall of the light tube to generate visible 
light. 

[0009] | n the discharge process described above, the light emit- 
ted by the cold cathode fluorescent flat lamp (CCFFL) is 



generally constructed as a line light source. When the cold 
cathode fluorescent flat lamp (CCFFL) is provided as a 
surface light source, the light on the plane is not uniform. 
Therefore, a local discharge process is provided by, for 
example, providing a plurality of protrusions on the elec- 
trodes, and thus light is emitted by point dischargeat the 
protrusions. Hence, a cold cathode fluorescent flat lamp 
(CCFFL) with a larger surface area may be constructed by a 
plurality of local plane lamps. 
[0010] However, in the local discharge process, the light intensity 
at the point of discharge of the cold cathode fluorescent 
flat lamp (CCFFL) is larger than other areas, and therefore, 
an interlaced brightness distribution is formed in the sur- 
face of the light source. Therefore, a better brightness 
uniformity of the (influence)? cold cathode fluorescent flat 

lamp (CCFFL) is highly desirable. 
Summary of Invention 

[0011] Accordingly, the present invention is directed to a cold 
cathode fluorescent flat lamp for increasingthe light in- 
tensity emitted from the region without point discharge to 
increase the brightnessuniformity of the cold cathode flu- 
orescent flat lamp. 

[0012] | n addition, the present invention is also directed to a cold 



cathode fluorescent flat lamp (CCFFL) for reducingthe light 
intensity emitted by the region of point dischargeto in- 
crease the brightnessuniformity of the cold cathode fluo- 
rescent flat lamp. 

[0013] According to an embodiment of the present invention, a 
cold cathode fluorescent flat lamp (CCFFL) comprising, for 
example but not limited to, a cavity, discharge gas, a plu- 
rality of electrodes, fluorescence layer and first light con- 
trol layer is provided. The cavity has a light exit plane. The 
discharge gas is filled in the cavity, and the electrodesmay 
be, for example but not limited to, disposed inside the 
cavity or outside the cavity. The fluorescence layer is dis- 
posed on the inner wall of the cavity. The first light con- 
trol layer is disposed overthe fluorescence layer corre- 
sponding to the light exit plane of the cavity. 

[0014] | n one embodiment of the present invention, the cavity 
comprises, for example but not limited to, a first sub- 
strate, a second substrate and a side bar. The second 
substrate is disposed over the first substrate, and the side 
bar is disposed between the first and the second sub- 
strates and connected to the edge thereof. 

[0015] | n 0 ne embodiment of the present invention, the dis- 
charge gas comprises, for example but not limited to, an 



inert gas such as xenon (Xe), argon (Ar) or neon (Ne). 

[0016] | n one embodiment of the present invention, the elec- 
trodes of the cavity comprises, for example but not lim- 
ited to, a plurality of protrusions. In another embodiment 
of the invention, the electrodes, for example but not lim- 
ited to, divide the cavity into at least one sub-cavity, and 
the sub-cavity is divided by the protrusions of the elec- 
trodes into a plurality of first light emitting areas and sec- 
ond light emitting areas. The second light emitting ar- 
easare, for example but not limited to, disposed between 
the first light emitting areas. The first light control layer- 
sare disposed over the fluorescence layercorresponding to 
the first light emitting areas. 

[0017] in one embodiment of the present invention, the first light 
control layer may be comprised of, for example but not 
limited to, a fluorescence material. In another embodi- 
ment of the invention, the material of the first light con- 
trol layer is, for example but not limited to, same as the 
material of the fluorescence layer. 

[0018] in one embodiment of the present invention, the first light 
control layer comprises, for example but not limited to, a 
single patterned film layer or multi-layer stacked pat- 
terned film layer. 



[0019] | n one embodiment of the present invention, the cold 

cathode fluorescent flat lamp (CCFFL) further comprises a 
second light control layer disposed overthe fluorescence 
layer corresponding to the first light control layer. In one 
embodiment of the present invention, the second light 
control layer is disposed over the fluorescence layer cor- 
responding to the second light emitting areas. 

[0020] in one embodiment of the present invention, the second 
light control layer comprises, for example but not limited 
to, a fluorescence material. In another embodiment of the 
invention, the material of the second light control layer is, 
for example but not limited to, same as the material of 
the fluorescence layer. 

[0021] in one embodiment of the present invention, the second 
light control layer comprises, for example but not limited 
to, a single patterned film layer or multi-layer stacked 
patterned film layer. 

[0022] in addition, the present invention provides a cold cathode 
fluorescent flat lamp comprising a cavity, discharge gas, a 
plurality of electrode, fluorescence layer and second light 
control layer. The cavity has a light exit plane opposite to 
the bottom surface. The discharge gas is filled in the cav- 
ity, and the electrodes can be disposed inside the cavity or 



outside the cavity. The fluorescence layer is disposed on 
the inner wall of the cavity. The second light control layer 
is disposed over the fluorescence layer corresponding to 
the bottom surface of the cavity. 

[0023] | n one embodiment of the present invention, the cavity 

comprises a first substrate, a second substrate and a side 
bar. The second substrate is disposed overthe first sub- 
strate, and the side bar is disposed between the first and 
the second substrateand connected to the edge thereof. 

[0024] in one embodiment of the present invention, the dis- 
charge gas comprises, for example but not limited to, an 
inert gas such as xenon (Xe), argon (Ar) or neon (Ne). 

[0025] in one embodiment of the present invention, the elec- 
trodes of the cavitycom prise, for example but not limited 
to, a plurality of protrusions. In another embodiment of 
the invention, the cavity is divided by the electrodes into, 
for example but not limited to, at least one sub-cavity, 
and the sub-cavity is divided by the protrusions of the 
electrodes into a plurality of first light emitting areas and 
second light emitting areas. The second light emitting ar- 
easare, for example but not limited to, disposed between 
the first light emitting areas. The second light control 
layer is disposed over the fluorescence layer correspond- 



ing to the second light emitting areas. 

[0026] | n one embodiment of the present invention, the second 
light control layer comprises, for example but not limited 
to, a fluorescence material. In another embodiment of the 
invention, the material of the second light control layer is, 
for example but not limited to, same as the material of 
the fluorescence layer. 

[0027] in one embodiment of the present invention, the second 
light control layer comprises, for example but not limited 
to, a single patterned film layer or a multi-layer stacked 
patterned film layer. 

[0028] Accordingly, in the present invention, the first or the sec- 
ond light control layersdisposed on the fluorescence layer 
over the cavity wall of the cold cathode fluorescent flat 
lamp can increase the brightness uniformity of the light 
exit from the whole cold cathode fluorescent flat lamp. 

[0029] it is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0030] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 



rated in and constitute a part of this specification. The 
following drawings illustrate embodiments of the inven- 
tion and, together with the description, serve to explain 
the principles of the invention. 

[0031] FIG. lis a perspective top view schematically illustrating a 
cold cathode fluorescent flat lamp (CCFFL) according to 
one embodiment of the present invention. 

[0032] FIG. 2 is a cross-sectional view along line l-l' of FIG. 1. 

[0033] FIG. 2A is a cross-sectional view along line l-l' of FIG. 1. 
[0034] FIG. 3 is a cross-sectional view along line l-l" of FIG. 1. 
[0035] FIG. 3A is a cross-sectional view along line l-l 1 of FIG. 1. 
[0036] FIG. 4 is a cross-sectional view along line l-l 1 of FIG. 1. 
Detailed Description 

[0037] The present invention now will be described more fully 

hereinafter with reference to the accompanying drawings, 
in which preferred embodiments of the invention are 
shown. This invention may, however, be embodied in 
many different forms and should not be construed as lim- 
ited to the embodiments set forth herein; rather, these 
embodiments are provided so that this disclosure will be 
thorough and complete, and will fully convey the scope of 



the invention to those skilled in the art. Like numbers re- 
fer to like elements throughout. 

[0038] The present invention is related to a design of a variety of 
patterns and a variety of fluorescence material with differ- 
ent thickness in the cold cathode fluorescent flat lamp 
(CCFFL) for increasing the brightness uniformity of the 
light emitted from the cold cathode fluorescent flat lamp. 
Hereinafter.some embodimentsof the disposing method 
of the pattern and fluorescence material of the cold cath- 
ode fluorescent flat lamp will be described. However, the 
embodiment is only provided for the description of the in- 
vention and cannot be used tolimit the scope of the 
present invention. 

[0039] FIG. lis a perspective top view schematically illustrating a 
cold cathode fluorescent flat lamp (CCFFL) according to 
one embodiment of the present invention. FIG. 2 is a 
cross-sectional view along line 1-1" of FIG. 1. Referring to 
FIG. land FIG. 2, the cold cathode fluorescent flat lamp 
(CCFFL) lOOcomprises, for example but not limited to, 
cavity 102, discharge gas 104, electrodes 106, fluores- 
cence layers 108and first light control layers 110. The 
cavity 102 may be, for example but not limited to, a cube 
comprising first substrate 112, second substrate 114, side 



bar 116 and light exit plane 118. The fluorescence layer 
108is disposed on the inner wall of the cavity 102. In one 
embodiment of the present, the fluorescence layer 108is, 
for example but not limited to, disposed on the first sub- 
strate 112and the second substrate 114. The discharge 
gas 104is filled inthe cavity 102 and may be comprised of, 
for example but not limited to, xenon (Xe), neon (Ne), ar- 
gon (Ar) or other inert gas. 

[0040] Next, referring to FIG. 1, a plurality of electrodes 106 are 
disposed in the cavity 102. The cavity 102 may be divided 
into a plurality of sub-cavities 128 by the electrodes 106. 
To light up the cold cathode fluorescent flat lamp (CCFFL) 
100, thesuitable voltages are applied to the electrodes 
106 to emit electrons, the discharge gas 104 inside the 
cavity 102 are impacted by the electrons, and thereby get 
ionized and excited into a plasma. Thereafter,the atoms 
of the plasma being in the excited state atom decay from 
the excited state to the ground state emitting ultraviolet 
light simultaneously. The emitted ultraviolet light will ex- 
cite the fluorescence layer 108 on the inner wall of the 
cavity 102to generate visible light. 

[0041] | t j S noted that, the electrodes 106 may comprise, for ex- 
ample but not limited to, a plurality of protrusions 120, 



and thus every sub-cavity 128 is divided into, for example 
but not limited to, a first light emitting area 122and a 
second light emitting area 124. Since the current between 
each pair of opposite protrusions 120 is larger, the inten- 
sity of the ultraviolet light emitted from the first light 
emitting area 122 is larger than that emitted from the 
second light emitting area 124. It is noted that, the light 
intensity emitted by the cold cathode fluorescent flat lamp 
(CCFFL) lOOis dependent on the intensity of the ultraviolet 
light described above, and moreover, dependent on the 
amount of the fluorescence substance irradiated by the 
ultraviolet light in a time period. 
[0042] N extj referring to FIG. 2, a first light control layer 110 is 
disposed abovethe fluorescence layer 108 corresponding 
to the light exit plane 118and the first light emitting area 
122 of FIG. 1. Therefore, the light transmittance near the 
first light control layer 110 is reduced, and the light in- 
tensity exited from the first light emitting area 122 may 
be close to that from the second light emitting area 124. 
Thus, the uniformity of the emitted light of the whole sur- 
face is enhanced. In one embodiment of the invention, the 
first light control layer 110 is, for example but not limited 
to, a patterned film layer composed of grating shape, dot 



shape or other applicable shape withproper distribution 
density. The first light control layer 110 may be com- 
prised of, for example but not limited to, a fluorescence 
material. In one embodiment of the invention, thematerial 
of the first light control layer 110 is same as that of the 
fluorescence layer 108. In addition, the first light control 
layer 110 is formed by, for example but not limited to, 
screen printing process. 

[0043] it j S noted that, in the embodiment described above, only 
one first light control layer 110 is provided. However, in 
the present invention, more than one light control layers 
may also be utilized to achieve the purpose of the present 
invention. In another embodiment of the present invention 
in, the first light control layer may be a multi-layer 
stacked patterned film layers, such as the first light control 
layer 210 shown in FIG. 2A. Referring to FIG. 2A, the first 
light control layer 210 comprises patterned film layer 
210aand patterned film layer 210b. It is noted that, the 
other components in FIG. 2Aexcept for the first light con- 
trol layer 210 are similar to the components having the 
same reference number in FIG. 2, and therefore a detailed 
description thereof is omitted hereinafter. 

[0044] it j S noted that, in the embodiment described above, the 



light intensity of light emitted from the first light emitting 
area 122 may be decreased in order to increase the uni- 
formity of the whole brightness of the surface light 
source. However, in another embodiment of the invention, 
the light intensity of light emitted from the second light 
emitting area 124 may be increased in order to increase 
the uniformity of the whole brightness of the surface light 
source. Hereinafter.the embodiment will be described. 

[0045] FIG. 3 is a cross-sectional view along line 1-1" of FIG. 1. 
The components of FIG. 3 having the same reference 
numbers with the components of FIG. 2 are fabricated by 
similar process and provided for similar usageas the cor- 
responding components of FIG. 2 and therefore a detailed 
description thereof is omitted hereinafter. 

[0046] Referring to FIG. 3, the second light control layer 126is 
disposed above the fluorescence layer 108 of the second 
substrate 114 corresponding to light exit plane 118 and 
the second light emitting area 124 shown in FIG. 1. The 
second light control layer 126is comprised of, for example 
but not limited to, a fluorescence material. Therefore, the 
amount of the fluorescence material irradiated by the ul- 
traviolet lightat any giventime is increased, and thus the 
light intensity of the light emitted from the second light 



emitting area 124 is increased. In one embodiment of the 
invention, the material of the second light control layer 
126is similar or same as that of the fluorescence layer 
108. In addition, the second light control layer 126 is 
formed by, for example but not limited to, a screen print- 
ing process. 

[0047] | n one embodiment of the invention, the second light 

control layer 126 comprises, for example but not limited 
to, a patterned film layer 126aand a patterned film layer 
126b. The patterned film layer 126a, for example but not 
limited to, coversthe fluorescence layer 108 of the second 
light emitting area 124 correspondingly. The patterned 
film layer 126bis, for example but not limited to, disposed 
over the dot shape or grating shape film layer of the pat- 
terned film layer 126a. The patterned film layer 126aand 
the patterned film layer 126b may effectively increase the 
area of the fluorescence material irradiated by the ultravi- 
olet light atany given time. In other words, the fluores- 
cence material in the second light emitting area 124 irra- 
diated by the ultraviolet light is increased, and thus the 
light intensity of light emitted by the second light emitting 
area 124 is increased and is approximate to the light in- 
tensity of light emitted bythe first light emitting area 122. 



[0048] | n the embodiments described above, the present inven- 
tion is not limited to the second light control layer. In an- 
other embodiment of the present invention, the second 
light control layer may be a single patterned film layer, or 
a multi-layer stacked patterned film layer. Referring to 
FIG. 3A, the second light control layer 226 only comprises 
a single patterned film layer. The components of FIG. 
3Aexcept for the first light control layer 226 are the same 
as or similar to the components having the same refer- 
ence number of FIG. 3 and therefore a detailed description 
thereof is omitted hereinafter. 

[0049] Moreover, in another embodiment of the present inven- 
tion, the cold cathode fluorescent flat lamp (CCFFL) of the 
invention may comprise both the first light control layer 
and second light control layer. Accordingly, the whole 
brightness uniformity of the cold cathode fluorescent flat 
lamp (CCFFL) may be further improved. 

[0050] FIG. 4 is a cross-sectional view along line 1-1" of FIG. 1. 
The embodiment shown in FIG. 4 is a combination of the 
embodimentsshown in FIG. 2and FIG. 3. In the cold cath- 
ode fluorescent flat lamp (CCFFL) of the present embodi- 
ment, a first light control layer 110 is disposed above the 
fluorescence layer 108 corresponding to the light exit 



plane 118and the first light emitting area 122 (as shown 
in FIG. 1). Moreover, a second light control layer 126 is 
disposed above the fluorescence layer 108 of the second 
substrate 114 corresponding to the first light control layer 
110 and the second light emitting area 124 shown in FIG. 
1. Therefore, in the present embodiment, the light trans- 
mittance from the first light control layer 110 is reduced, 
and thus the light intensity of light emitted from the first 
light emitting area 122 is reduced. In addition, the 
amount of the fluorescence material irradiated by the ul- 
traviolet light at any time is increased by the second light 
control layer 126, therefore the light intensity of light 
emitted from the second light emitting area 124 is in- 
creased. 

[0051] Accordingly, in the present invention, one or multilayer 
stacked light control layer is disposed over the fluores- 
cence layer inside the cavity wall of the cold cathode fluo- 
rescent flat lamp (CCFFL). Therefore, the brightness uni- 
formity of the whole cold cathode fluorescent flat lamp 
(CCFFL) is enhanced. Since the present invention can solve 
the problem of the interlaced brightness of the conven- 
tional local discharge plane lamp, the present invention 
may be provided for manufacturing a cold cathode fluo- 



rescent flat lamp (CCFFL) having high brightness unifor- 
mity and a large surface area. 
[0052] | t w j|| De apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



